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The fundamental concepts i n  e l e c t r o d e  k i n e t i c s  are introduced.  General refer-  , ences i n  Engl ish,  o r  a v a i l a b l e  i n  t r a n s l a t i o n ,  inc lude  books ( l - b ) ,  reviews- 
volumes (5-6) and reviews (7 -8) .  

H i s t o r i c a l  (only key i d e a s )  

1. The d e s c r i p t i o n  of  e l e c t r o d e  k i n e t i c s  i n  terms of  cur ren t -poten t ia l  [overvoltage) 
r e l a t i o n s h i p s  i s  p r i m a r i l y  based on: 

i ( a )  t h e  concept of exchange cur ren t  ( B u t l e r ,  1924) 
( b )  t h e  i n t r o d u c t i o n  of t h e  t r a n s f e r  coef fec ien t  (Erdey-Gruz and 

Volmer, 1930) 
( c )  t h e  c o r r e l a t i o n  between e lec t rode  k i n e t i c s  and double l a y e r  

s t r u c t u r e  (Frumkin, 1933) 
( a )  t h e  c o r r e l a t i o n  w i t h  adsorpt ion a t  t h e  e lec t rode  (Frumkin and 

Ersh ler ,  1940; a l s o  Temkin) 

2. Elucidat ion o f  r e a c t i o n  mechanisms involves :  

I 

(a)  t h e  i n t r o d u c t i o n  of s to ich iometr ic  numbers i n  t h e  ana lys i s  of current  - 
p o t e n t i a l  r e l a t i o n s h i p s  (Hor iu t i  and Ikusima, 1939) 

(b)  r e a c t i o n  o r d e r s  s t u d i e s  (Vet ter  and Gerischer  (1950); a l s o  Essin (1940) 
( c )  t h e  d e t e c t i o n  and, i f  p o s s i b l e ,  q u a n t i t a t i v e  es t imat ion  of i n t e r -  

( d )  o ther  approaches: double layer e f f e c t s ,  d e t a i l e d  analysis of t h e  

1 
mediates by var ious  techniques 

e f f e c t  of coupled chemical r e a c t i o n s ,  i s o t o p e  e f f e c t s  , e t c .  

3. "Molecular" i n t e r p r e t a t i o n  of e lec t rode  k i n e t i c s  r e q u i r e s  t h e  development o f  
t h e o r i e s  of e l e c t r o n  t r a n s f e r  (Marcus (1956)) .  These had as a precursor  t h e  
in t roduct ion  o f  po ten t ia l -energy  diagrams (Horiuti and Polanyi ,  1935; Butler ,  \ I  
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Descr ip t ive  Kine t ics  i n  Terms of Exchange Current and Transfer  Coeff ic ien t  

1. In t roduct ion  o f  t h e  concept o f  exchange c u r r e n t  by cons idera t ion  of  forward and 
backward reac t ions  a t  equi l ibr ium.  

2. Discussion of  t r a n s f e r  c o e f f i c i e n t  from potent ia l -energy  diagram. 
3. Def in i t ion  of  overvol tage  and discussion of current-overvol tage c h a r a c t e r i s t i c s .  

Corre la t ion  with Double Layer S t r u c t u r e  

1. 
c l o s e s t  approach. 

2. Correct ion f o r  t h e  drop of p o t e n t i a l  across  t h e  d i f f u s e  double l a y e r .  
3. Other e f f e c t s :  so lvent  s t r u c t u r e ,  s p e c i f i c  e f f e c t s ,  e t c .  

adsorp t ion ,  on t h e  b a s i s  o f  the theory  of t h e  d i f f u s e  double layer. 
adsorpt ion poses problems. 
q u a n t i t a t i v e  a n a l y s i s  a t  t h i s  s tage .  

, 

/ 

Correct ion f o r  t h e  concent ra t ions  of r e a c t a n t s  (and products)  i n  t h e  plane of \ I  

\ 

The first t w o  c o r r e c t i o n s  can be made q u i t e  w e l l ,  i n  t h e  absence of s p e c i f i c  I1 
Speci f ic  

Solvent and s p e c i f i c  e f f e c t s  do not lend  themselves t o  1; 
\I 

I1 

I 

I 
, 

I 
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Corre la t ion  with Adsorption 

The problem i s  t o  w r i t e  current-overvoltage c h a r a c t e r i s t i c s  tak ing  i n t o  ac- ' count t h e  coverage b;y r e a c t a n t s  and/or products. 
some isotherm, e .g . ,  t h e  Langmuir o r  Temkin isotherms. 
then be c o r r e l a t e d  t o  t h e  s tandard f r e e  energy of  adsorpt ion,  and t h e  e f f e c t  of 
t h e  na ture  of t h e  e lec t rode  can be inves t iga ted .  Formulation can be developed f o r  

Adsorption equi l ibr ium follows 
The exchange cur ren t  can 

, 
) 
i p a r a l l e l  o r  consecutive reac t ions .  

I 

( 

) 

1 

The e f f e c t  of p o t e n t i a l  on adsorp t ion ,  e .g . ,  organic r e a c t a n t  on mercury, can 
a l s o  be introduced i n  t h e  cur ren t -poten t ia l  c h a r a c t e r i s t i c .  

Elucidat ion of Mechanisms 

Analysis of current-overvol tage v a r i a t i o n s  i n  terms of s to ich iometr ic  numbers, 
reac t ion  orders ,  Tafe l  p l o t s ,  e t c . ,  provides fundamental c r i t e r i a  f o r  t h e  elucida- 

These c r i t e r i a  may s u f f i c e  f o r  simple processes  
(e .g . ,  o v e r a l l  reac t ion  i d e n t i c a l  with r a t e  determining s t e p )  but  i n  genera l ,  they 
do not a l low unambiguous assignment of mechanisms f o r  more complex reac t ions .  
Other methods must then be appl ied  ( see  H i s t o r i c a l ) .  

(' t i o n  of  reac t ion  mechanisms. 

' 
' 

Mass Transfer  

Complication by t h e  f i n i t e  rate of mass t r a n s f e r  of r e a c t a n t s  and products  
can be avoided when t h e  exchange cur ren t  is  s u f f i c i e n t l y  low (vigorous s t i r r i n g ,  
l a r g e  excess of  r e a c t a n t s  and products ) .  This complication cannot be avoided with 
high exchange c u r r e n t s .  Diffusion i n  e lec t rode  processes  was  a l ready understood 
i n  t h e  e a r l y  work of  Sand and C o t t r e l l  (about 1900) and w a s  ex tens ive ly  s tud ied  i n  
polarography (Heyrovsky , 1922; I l k o v i c  1934). 
d i f f u s i o n  has been vigorously s t u d i e d  f o r  t h e  las t  20 years  (Brdicka and Koutecky, 
1947). 
Levich 1942) .  

"Molecular" Electrode Kine t ics  

This i s  a d i f f i c u l t  problem but  a t  least a way t o  introduce modern chemical 
physics  i n  e lec t rochemis t ry  (which i s  mostly prequantum h its present  concepts 
and o r i e n t a t i o n ) .  S a t i s f a c t o r y  t reatment  has been developed only f o r  processes  
t h a t  do not  involve t h e  breaking o r  making of a bond. 
been made mostly t o  homogeneous redox processes ,  but  t h e r e  are unexploi ted applica- 
t i o n s  t o  e lec t rode  k i n e t i c s .  
a bond-breaking o r  bond-making process .  

Combination of k i n e t i c s  and 

Hydrodynamic problems can a lso be a t tacked  ( r o t a t i n g  d i s k  e l e c t r o d e ,  

Applicat ion of theory  has 

No p r e d i c t i o n  i s  ventured about t rea tments  involving 

Topics not  Treated 

semiconductor e l e c t r o d e s ,  methodology and techniques ,  e t c .  
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